A 79-year-old man with appetite loss and nausea for 1 month was admitted to our hospital. His thoracic aortic aneurysm had gradually increased in size due to perigraft endoleak after the previous aneurysm repair surgery. Although he showed no hematemesis, melena, or a fever, gastrointestinal endoscopy and contrastenhanced computed tomography (CT) revealed an aortoesophageal fistula (AEF). He developed septic shock due to a perigraft abscess and eventually died, although aortic graft replacement and esophageal transection were performed. Clinical suspicion is the most important factor for obtaining an accurate diagnosis and improving the prognosis in cases of AEF.
Introduction
Aortoesophageal fistula (AEF) is a rare and often fatal complication after any aortic intervention. The clinical symptoms of AEF generally comprise hematemesis, chest pain, and a fever, but a substantial subset of patients show nonspecific clinical findings. This report describes a case of AEF without gastrointestinal bleeding or infectious symptoms that developed after aortic surgical reconstructions. Although a preoperative diagnosis was made, the patient ultimately died of septic shock due to a perigraft abscess. We discuss the proper diagnostic and therapeutic procedures to reduce the mortality of AEF.
Case Report
A 79-year-old man with a history of aortic reconstruction surgery was admitted to our hospital because of appetite loss and nausea. He had been diagnosed with thoracic and abdominal aortic aneurysms 15 years before admission at 64 years of age. Ten years later, at 74 years of age, he had undergone prosthetic replacement of the abdominal aorta by traditional open surgery. Four weeks after the operation, graft replacement of the thoracic aorta via median sternotomy was planned. Because his thoracic aneurysm extended to the arch, open surgery rather than thoracic endovascular aortic repair (TEVAR) was deemed suitable. However, his general condition worsened in the operating room, and he underwent the operation using the pull-through technique as a less-invasive procedure.
He received periodic follow-up examinations at the cardiovascular surgery section, and computed tomography (CT) showed that his thoracic aortic aneurysm had gradually increased in size due to perigraft leak (blood flow entry between the graft and the aneurysm), without ectopic gas or other findings. Because he had mild cognitive impairment and no symptoms, he did not want receive any surgical treatments. He had been taking medication for hypertension, and his blood pressure was well-controlled. Over the past four weeks, he had reported appetite loss and nausea after eating. He occasionally vomited without hematemesis or melena. He also had an esophageal hiatal hernia that had been identified on gastrointestinal endoscopy one year before this admission. He had tried taking lansoprazole orally at 15 mg/day empirically, without relief. He also reported a weight loss of 6 kg/3 months and was referred to us for further investigation. He was afebrile and had no chest pain or abdominal pain. His history was also significant for chronic kidney disease and hypertension, for which he took telmisartan 40 mg/day and amlodipine 5 mg/day.
At the time of admission, the patient was 173 cm tall and Table. Chest radiograph showed the marked widening of the mediastinum without pleural effusion or infiltration, which had not changed for more than one year (Fig. 1A) . Contrast-enhanced CT revealed a dilated aorta 9.5 cm in diameter with ectopic gas adjacent to it (Fig. 1B) . However, there were no air bubbles in the aortic arch, and we noted no other signs of infection around it (Fig. 1C) . As his vital signs were stable and he did not desire to undergo an operation at that time, he was conservatively treated with parenteral nutrition and an intravenous antacid (omeprazole 40 mg/day) without improvement. On the third day of admission, gastrointestinal endoscopy was performed. It showed bloody fluid in the esophagus and stomach but no active bleeding. Several ulcerations and fistulas were detected in the lower esophagus (Fig. 2) , suggesting an aortoesophageal fistula (AEF). He was started on intravenous antibiotic agents (cefmetazole 2 g/day). Elective surgery was considered, and he developed a low-grade fever with an elevated level of C-reactive protein (11.81 mg/dL) 3 days after an endoscope examination. Mild anemia (hemoglobin 10.8 g/L) and hypotension (86/69 mmHg) also developed without signs of gastrointestinal hemorrhaging or leukocytosis (total leucocyte count, 8,330/μL with 84.0% neutrophils). Chest CT showed fluid collection and multiple air bubbles in the thoracic aorta (Fig. 3) , so he was diagnosed with septic shock due to thoracic aortic and prosthetic infections.
Left thoracotomy with subsequent aortic graft replacement and esophageal transection was performed as an emergency operation. Three fistulas between the aorta and the lower esophagus were noted during the operation, and a widespread perigraft abscess was observed in the thoracic aorta, with a strong odor. Blood and perigraft discharge culture yielded Enterococcus faecium and Candida glabrata. After the surgery, the patient was admitted to the intensive-care unit, and his antibiotics were changed from cefmetazole to daptomycin (350 mg/day) and meropenem (2 g/day) and clindamycin (1,200 mg/day). An antifungal agent (micafungin 150 mg/day) was also added, and mechanical ventilatory support was continued. The fever and elevation of CRP seemed to be transiently improved, but his sepsis relapsed within a few days. Although he was started on continuous hemofiltration and hemodialysis (CHDF) and administered adrenergic drugs, in addition to increasing the dose of micafungin, he developed renal failure and eventually died on the 16th day after surgery. The patient's clinical course is shown in Fig. 4 . 
Discussion
AEF is a rare and often fatal complication that can occur following any aortic intervention. Its prevalence following aortic surgical reconstruction ranges from approximately 0.36% to 1.6% (1). Because of its rarity, the diagnosis of AEF is often difficult (2, 3). It is reported that the mean interval between the initial operation and symptom development is 59.5 months (4), and the rate of a diagnosis of AEF being made within 10 days of hospitalization is only 15% (5). Furthermore, the outcome of conservative management is almost invariably fatal, although both surgical and endovascular treatment are associated with high mortality. Therefore, the present report aimed to provide insight to further improve the prognosis of such a devastating condition.
The pathogenesis of AEF remains controversial, as both mechanical and infective factors may play important roles in its development. Repetitive mechanical damage due to arterial pulsation, esophageal wall circulation interruption by an enlarged aneurysm, and persistent vascular prosthesis infection are believed to cause AEF (6) . A previous report described a case diagnosed with aortic prosthetic graft infection accompanied by aorto-enteric fistula after vascular surgery (7); however, in the present case, the thoracic aortic aneurysm had gradually increased in size because of a perigraft endoleak after aortic reconstruction without any sign of infection. Of note, it is extremely interesting that the patient's conditions started to worsen and he developed sepsis after the upper endoscope examination. We speculate that there were two causes of his deterioration: endoleak as well as infection occurring in relation to endoscopy.
Endoleak, which is defined as arterial perfusion outside the graft lumen and within the aneurysmal sac, has been well described after endovascular aortic repair (EVAR). The prevalence of endoleak in patient who underwent EVAR ranges from 8% to 44%, and its occurrence after open repair is much less common (8-10). The pull-through technique, which was used for the aortic prosthesis implantation surgery of this patient, is recommended as a less-invasive alternative to conventional open surgery in select high-risk patients (11) . It has also been reported that EVAR is superior to open repair due to its associated lower aneurysm-related death and major adverse events rates (8, 9, 12, 13) . Although we found no literature describing AEFs after aortic repair surgery performed with the pull-through technique, any endovascular procedure could have caused the endoleak in the present patient. Once endoleak occurs, aortic aneurysms gradually increase in size, and continued pressurization of the aneurysm sac may also predispose a patient to AEF formation. We therefore believe that patients presenting with endoleak should always be closely followed up and recommended to undergo optimum surgical treatment as soon as possible.
The clinical symptoms of AEF generally comprise hematemesis, chest pain, and a fever. Patients with a history of aortic intervention who present with a fever and heightened inflammatory markers in addition to hematemesis should be strongly suspected of having AEF (14) . One study reported that 94% patients with AEF had gastrointestinal hemorrhaging, and the remaining 6% presented with a fever or sepsis (15) . In the present case, neither gastrointestinal hemorrhaging nor infectious symptoms were observed before admission. A substantial subset of patients demonstrate only nonspecific clinical findings, and the perigraft abscess in the present case might have been caused by endoscopyassociated gastrointestinal secretion leakage. We therefore speculate that, if the patient had undergone surgical treatment for an aortic aneurysm before this administration, then he might have survived. Moreover, if emergency surgery for AEF had been performed before the patient had developed sepsis, then he might also have recovered. For these reasons, surveillance and early intervention are necessary as part of the follow-up course in all cases of aneurysm repairs.
The most frequently employed diagnostic investigation for AEF is an endoscopic examination of the upper gastrointestinal tract. CT with contrast enhancement can help obtain the diagnosis by showing signs suggestive of infection, such as the presence of intraluminal aortic gas or liquid surrounding the graft (16) . However, because of their overlapping imaging features, AEF and perigraft infection may be difficult or impossible to differentiate. The diagnostic sensitivity of endoscopy and CT for AEF is 24% and 45%, respectively, and the combination of CT and diligent upper endoscopy possesses a high diagnostic accuracy (5). Because there is no single diagnostic investigation with very-high specificity and sensitivity, adjuvant techniques, such as CT angiography, gallium-67 scanning, or arteriography, are often used to detect AEF. As a novel approach to obtaining a correct diagnosis, the possibility of virtual endoscopy using CT has been reported (17) . If the findings of these examinations are equivocal, a closer follow-up may help recognize AEF early.
Conservative management mainly consists of medical blockade of gastric acid with proton pump inhibitors and total enteral feeding via percutaneous gastrostomy to unburden the esophageal lesion. In addition, antibiotic treatment with or without antifungal agent is applied in cases accompanied by infection. Despite all efforts, AEF is nearly uniformly fatal without surgery. Particularly in the presence of infection, all infected and necrotic tissue must be debrided back to healthy tissue. In recent years, endovascular repair of AEF has been reported as a successful alternative to open surgery (10, 18) . This approach is very useful for sealing the fistula and controlling bleeding, but unlike open repair with graft excision, the infected graft and/or aorta remains in situ.
This puts the newly implanted stent graft at risk for infection. Therefore, an endovascular approach has been suggested as a less-invasive method for temporarily managing AEF in unstable patients (18) .
In conclusion, aggressive surgical treatment with aortic graft replacement following esophageal fistula repair/resection is the only definitive treatment for AEF, and the outcome depends upon the speed of the diagnosis, the patient's medical status, and the severity of infection. Avoiding a delay in the diagnosis is expected to further improve the outcome of AEF. Therefore, AEF must be kept in mind as a possible etiology of gastrointestinal bleeding, appetite loss, a chronic fever, and other nonspecific symptoms in patients with a history of aortic interventions. Furthermore, if they demonstrate an increase in the size of an aneurysm or an exacerbation of infection after an endoscopic examination, we should strongly recommend surgical treatment be performed as soon as possible.
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